Two operons that encode FNR-like proteins in Lactococcus lactis.
Global regulatory circuits of the type mediated by CRP and FNR in Escherichia coli were sought in Lactococcus lactis to provide a basis for redirecting carbon metabolism to specific fermentation products. Using a polymerase chain reaction (PCR) approach, two genes (flpA and flpB) encoding FNR-like proteins (FlpA and FlpB) with the potential for mediating a dithiol-disulphide-dependent regulatory switch, were identified. Transcript analysis indicated that they are distal genes of two paralogous operons, orfX-orfY-flp, in which the orfX and orfY genes were predicted to encode binding domain components of cation ATPases and storage proteins respectively. The corresponding promoters were each associated with a potential FNR site (TTGAT----ATCAA) at positions +4.5 (flpA operon) and -42.5 (flpB operon), suggesting that the respective operons might be negatively and positively autoregulated. The incomplete open reading frames (orfWA/B) located upstream of each operon were predicted to encode additional components of paralogous cation ATPases. No phenotypic effects were detected in flpA and flpB single mutants, but the double mutant had a lower intracellular zinc content, an increased sensitivity to hydrogen peroxide and an altered polypeptide profile (as determined by two-dimensional gel electrophoresis): formate production was not affected. It was concluded tentatively that FlpA and FlpB regulate overlapping modulons, including systems concerned with zinc uptake, in response to metal ion or oxidative stress.